Introduction
The volumesurface integral equation (VSIE) technique involves a system of two coupled equations for a dielectric volume and a perfectly electrically conducting (PEC) surface. At those parts where the PEC surface is in contact with the dielectric material, an additional equation enforcing the continuity between the surface current density on the PEC surface and the normal component of the electric flux density in the dielectric can be introduced. The explicit enforcement of the continuity condition not only allows the number of unknowns in the method of moment (MOM) solution of the VSIE to be reduced, but also ensures a good accuracy of the solution. In the case of low-order basis functions (RWG or rooftop) the latter property is not very pronounced. Due to the local character of the basis functions, an implicit (numerical) enforcement of the continuity condition is quite accurate [I] , even for the problems involving metallic edges where the surface current density has a singular behavior. Thus, in accelerated solvers, such as the fast multipole method (Fhlhl/MLFh,lM), the continuity condition is usually ignored for the sake of implementation simplicity 121. The situation differs for higher-order basis functions that can be defined on a large domain (up to 1-2X). Any inaccuracy in the integration of the MOM procedure affects a large number of basis functions defined on the same domain. Thus, if the continuity condition is satisfied numerically, high integration precision is required to make the n o m " component of the electric flux density in the dielectric conform to the local behavior of the surface current density at the edge of the adjoining PEC surface. However, the accuracy of the solution can be maintained without increasing the integration order if the continuity condition is imposed explicitly. In the present paper, we show by numerical examples advantages of the explicit enforcement of the continuity condition at the interface between metal and dielectric when higher-order hierarchical basis functions are utilized.
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The volume-surface integral equation formulation for the electric field is based on two coupled equations. The first equation expresses the total electric field E(r) as a sum of the incident electric field E'(=) and the scattered electric field E'(*) in the dielectric volume V In this paper we employ higher-order hierarchical Legendre vector basis functions 131 for the discretization of the VSIE. Previody, these functions have been successfully applied to the analysis of metallic objects in free space 131 and in layered media 141 by surface integral equations, and to the analysis of dielectric objects by volume integral equations 151. The discretization of the geometry of the object is carried out by curvilinear hexahedral and quadrilateral elements. 
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First, scattering by a PEC sphere of radius R = 1.5Xo coated with a dielectric material of thickness 0.1Xo and L, = 1.5 -j0.5 is considered. This object is investigated because it does not contain edges. The sphere is discretized by 54 curvilinear qnadrilaterals for the PEC surface and 54 curvilinear hexahedra for the dielectric coating.
A maximum of Me = 4 is used when expanding the unknown functions Js(r) and D(r). The radar cross section (RCS) computed with and without enforcement of the continuity condition (6) is presented in Fig. 1 . In both eses the orders of the Gauss quadrature rules employed in the integration are the same. The exact Mie series solution is used as a reference. It is observed that the enforcement of the continuity condition does not influence the accuracy of the solution in this case. Nevertheless, 864 unknowns out of 5184 can be removed when (6) is used. Second, a frequency selective surface (FSS) formed by a 5 by 5 array of dipoles printed on a finite dielectric substrate is analyzed. This configuration contains edges. The substrate has cr = 3 and thickness 0.037 mm. A unit element of the FSS is shown in Fig. 2 . The FSS is illuminated by a y-polarized plane wave propagating from the direction given by 8' = 30" and @ = 0". The RCS is calculated in the sr-plane at 8' = 150" and = 180' with maximum expansion order Me = 3 for D(r) and Me = 2 for .Is(.). Fig. 3 shows the results of our higher-order technique with and without the continuity condition (6) enforced. The results obtained by using a fine discretization and first-order basis functions (rooftop) are also shown as a reference. The low-order solution is not influenced much by the enforcement of the continuity condition. However, as opposed to the previous example, the explicitly imposed continuity condition now significantly improves the higher-order solution.
Both results with higher-order basis functions in Fig. 3 are obtained with the same precision of the Gauss quadrature integration. If the continuity condition is not enforced in the higher-order technique, the solution can be improved by increasing the integration accuracy. Fig. 4 shows the convergence of the result as the orders of the Gauss quadrature rules used in the solution are increased in steps by one from 0 to 3. It is noted that the MOM matrix filling time considerably increases with the increment of the integration order. the FSS ar the integration precision increases. The continuity condition is not enforced.
